its use would not infringe privately owned rights. Reference herein t o any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof. ' Tilting the wave front of the driving laser to match the Propagation velocity of the x-ray laser can be an effective method of increasing the effective gain length to extract the maximum energy out of the x-ray laser. This technique for exciting the plasma, usually called traveling wave excitation, is particularly useful and important when the duration of the driving laser divided by the length of gain medium is 5 33 ps/cm (the propagation time of x-ray laser photons). It is expected that a table-top x-ray laser will most likely require a short duration, high intensity driving laser to produce the plasma gain medium. A short duration x-ray laser has many potential applications, such as probing a high density, laserproduced plasma or imaging a biological sample.
INTRODUCTION
The traveling wave technique has been employed in various short pulse lasers to shorten the pulse duration and increase the amplification (1-5). Traveling wave excitation of an x-ray laser has been demonstrated for the Ne-like yttrium exploding foil laser at 155 A (6).
In these experiments we demonstrate the application of the traveling wave technique to the Ne-like Ge x-ray laser using slab targets. We observe a factor of ten increase in x-ray laser line intensity compared to no traveling wave and a factor of seventy increase compared to having the traveling wave go the opposite direction. Transit time effects are include in a numerical model that agrees well w i t h the experiments.
EXPERIMENT AND DISCUSSION
stronger lasing in the J=2-1 lines We compared laser irradiation of Ge slab targets for three different wave front angles: first with the traveling wave going toward the detector ($= 45 degrees); second with no traveling wave ($ = 0 degrees); and third with the traveling wave going away from the detector ($ = -45 degrees) . A simple numerical model was developed to simulate the effect of the transit time of the x-ray laser photons on the integrated output line intensity. In Fig. 2 plasma effects and imperfect matching of the traveling wave pump to the propagation speed of the x-ray laser photons as well as approximations in the model. It should be noted that our model includes the 16% gap in the middle of the target since the propagation time across the gap is non-negligible. The J=2-1 line at 236 8, was also measured for the three cases and exhibited a similar change in intensity due to the traveling wave. Again we adjusted the FWHM of the emissivity and gain time history in order to agree with the experimental data for the traveling wave going against the direction of the x-ray laser photon. In this case we have a somewhat longer duration (FWHM = 115 ps) in our model consistent with the longer measured duration of the 236 A laser compared to the 196 8, laser. The time duration of the J=2-1 laser line at 236 A was measured for the three traveling wave configurations (at a plasma length of 2.52 cm) and compared to the numerical model using the measured gain of 4.3 cm-l. Our measurements give a laser duration (FWHM) of 55 and 77 ps for the cases with and against the traveling wave as compared to model predictions of 36 and 64 ps, respectively. Agreement with our model is reasonable given the approximations in our model and the uncertainties in the plasma conditions.
CONCLUSION
We have compared x-ray laser experiments with,. without and against the traveling wave. An order of magnitude enhancement of the Ne-like Ge x-ray laser intensity is observed when the traveling wave technique is used to compensate for the short gain duration of these plasmas. Gains of 4.1 cm-1 for the 196 A line ahd 4.3 cm-l for the 236 A line were inferred from integrated line intensity measurements at two lengths. These measurements for the various mveling wave configurations and plasma lengths agree well with a numerical model including transit time effects. This technique can be important for applications of x-ray lasers where a shoit pulse laser is required.
